Background: Non-adherence to antihypertensive drugs is identified to have negative impact on cardiovascular outcome. Various studies have been conducted on this issue worldwide but data about medications adherence and its associated factors in Sudan are limited. Objectives: The objectives of this study are to identify the prevalence and factors associated with non-adherence to antihypertensive medications among cardiac patients in Sudan. Methods: A descriptive cross-sectional study was conducted on 202 patients by total coverage of all diagnosed hypertensive patients with cardiac disease who attended the referred clinic at Alshaab teaching hospital during the study period from November 5th to December 7th, 2017. Data were collected by direct interview of the patients using structured questionnaire, clinical characteristics of the patients were obtained from the medical records, WISEWOMAN medications adherence questionnaire for hypertension was used to assess the level of medication adherence. Descriptive and multivariate logistic regression was used for data analysis, using SPSS version 20. Results: Out of 202 participants, 140 (69.3%) were female, the mean age of the participants was 60.74 ± 13.6. The study revealed that 41.6% of the patients were nonadherent to their antihypertensive medications, the level of non-adherence was found to be significantly associated with young age (p-value < 0.012), high level of education (p-value < 0.05), and using more than one pharmacy to get the medications (p-value < 0.00); after logistic regression analysis, non-adherence was found to be significantly associated with using more than one pharmacy to get the medications (p-value < 0.00). The level of non-adherence in our study is found to be corresponding to the findings of other similar local, regional, and international studies, which have reported that non-adherence of medication ranged between 39.5% and 55.9%. Other factors in different studies were found to be significantly associated with non-adherence such as gender, duration of hypertension, duration between follow-up visits to physician and number of drugs.
Introduction
Hypertension is defined as "a systolic blood pressure equal to or above 140 mm Hg and/or diastolic blood pressure equal to or above 90 mm Hg" [19] .
The practical definition of hypertension is 'the level of BP at which the benefit of treatment out-weight the cost and hazards [1] .
Hypertension have adverse effect on many organs including blood vessels, heart, kidney, CNS, and retina [1] . And it contributes to the premature mortality and disability. The main objective of antihypertensive therapy is to reduce the incidence of cardiovascular complications [1] .
Randomized controlled trials have demonstrated that antihypertensive therapy can reduce the incidence of stroke and to lesser extent coronary artery diseases [1] .
Options of treatment include:
Non-drug therapy: lifestyle modification
Antihypertensive drugs
The adherence to medications is defined as "the extent to which a patient behavior with respect to taking medications corresponds with agreed recommendations from healthcare provider [2, 5] ."
Only 29% of hypertensive patients in the USA have good control, and overall adherence rate of medication were about 50% [2] . In the USA, 33.69% of avoidable cases of hospital admissions were due to poor adherence [2] .
There is limited published literature about adherence to antihypertensive medications in Sudan, a hospital-based study was conducted during 1997 in Kassala; compliance was measured using the pill count method, and it was found to be about 59.6%.
Many factors contribute to the medication non-adherence, and WHO categorized those factors into five groups including: patients, therapy, conditions, socioeconomic and health-system-related factors [2, 4] . As seen in sub-Saharan Africa countries, there are many social and economic barriers, inequalities in the distribution of services, staff shortage in healthcare facilities, limited supply of medications, and limited capacity to conduct clinical investigations [2] ."
This study aims to measure the prevalence of medication non-adherence among hypertensive patients with cardiovascular diseases and identify the factors that are associated with non-adherence.
Methodology
This study was an observational descriptive hospital-based cross-sectional study that was conducted between November 5 and December 7, 2017, at Al-shaab referred clinic, Khartoum, Sudan. Al-shaab teaching hospital is the largest public cardiac center in Sudan, patients with cardiac or chest diseases from all parts of Sudan are referred to Al-shaab hospital, and they get a monthly follow-up care at the referred clinic after discharge; there are six cardiac clinics in the week.
All diagnosed hypertensive patients with cardiac disease who attend the referred clinic during the study period were included, while patients with cardiac problem not known to be hypertensive were excluded.
Data were collected through direct interview of the patients using structured questionnaire; clinical characteristics of the patients were obtained from the medical records; WISEWOMEN medications adherence questionnaire for hypertension which is adapted from Morisky medication adherence scale was used to assess the level of medication adherence. Five medical students participated in data collection and interviewing the patients.
The data obtained through the questionnaire include: socio-demographic information, duration of hypertension, duration of treatment, classes and doses of antihypertensive medications, co-morbidities, and level of medication adherence.
The dependent variable of this study was the level of adherence to antihypertensive medication and the independent variables were age, gender, level of education, residence, occupation, age at diagnosis, regular follow-up, duration of treatment, number of medication classes and doses, health insurance, side effects of the antihypertensive drugs, availability of the medications in pharmacies, and the presence of other chronic illnesses.
The adherence was measured using three items scale from medication adherence questionnaire for hypertension by WISEWOMAN which is adapted from Morisky Medication adherence Scale ( Figure 2 ). The items were: "Do you sometimes forget to take your high blood pressure pills?;" "Do you ever cut back or stop taking your BP medicine?"
Taking medication every day can be inconvenient for some people. Do you ever feel hassled about sticking to your blood pressure treatment plan?"; each item had two responses (yes = 1, no = 0) and the items were summed, patients were considered as adherent to their medications when they have score < 2 and non-adherent when score ≥ 2.
Ethical approval was obtained from the University of Khartoum, Faculty of Medicine,
Department of Community Medicine, State Ministry of Health, Research Committee at
Al-shaab teaching hospital, and the head nurse at the referred clinic, the permission to use the medication adherence scale was obtained from the authors, and verbal consent was taken from the patients.
Data was entered and analyzed using SPSS software version 20, chi-square was used to determine the association between each independent variable and the level of adherence, then multiple logistic regression was used to identify the factors that significantly affected non-adherence to medications, p-value of ≤ 0.05 was considered as statistically significant.
Results
A sample of 211 patients were selected for the study, 202 of them participated in the study, 9 patients were excluded because some were very ill and could not complete the interview, and others denied that they had hypertension. do not feel hassled sticking to their medications and treatment plan, as shown in Table   3 . A total of 84 participants (41.6%) out of 202 were found to be non-adherent to their antihypertensive medications (with score ≥ 2; Figure 1 ). Table 4 shows the association between socio-demographic characteristics and the level of adherence to antihypertensive medications, patients who were above 60 years of age were found to be more adherent, illiterate patients also show high level of adherence, other factors including gender, marital status, residence, occupation, and having health insurance don't show significance difference.
Regarding the medications and diseases-related factors and its relation to the level of adherence, those who use more than one pharmacy to get the medications were more non-adherent than those who got their medications from one pharmacy; other factors showed no significant difference ( Multiple logistic regression analysis revealed that the only variable that has significant effect on non-adherence is using more than one pharmacy to get the medications (pvalue 0.000), other factors were excluded (Table 6 ).
Discussion
In this study, we found that about 41.6% of the participants were non-adherent to their antihypertensive medications, which corresponds to the findings of other similar local, regional, and international studies that have reported medication non-adherence ranging between 39.5% and 55.9%, despite the difference in the social and economic status of the patients in these countries, and the difference in health system, the prevalence of non-adherence to medications is still high, more studies need to be conducted to identify the barriers to adherence in order to develop the strategies to overcome these barriers [10, 13, 15, 17, 20, 21] .
Regarding the socio-demographic factors and its relation to non-adherence, our study revealed that age has significant association with the level of adherence and this contradicts the finding of two other studies that reported that age has no significant effect on non-adherence [15, 17] ; regarding the gender, we found that there is no difference between male and female patients in the adherence level, while a study in UAE found that male are more non-adherent than females [15] . Other two studies in Almadina Almunawara and Pakistan found the opposite, which may be due to the difference in the social and cultural beliefs regarding the gender in these areas [14, 16] . In our study, we found that non-adherence is less prevalent among patients with no formal education (illiterate), while a study which was conducted in Finland showed that nonadherence was less prevalent among highly educated patients [7] , and these findings may be explained by the difference in the literacy rates between Sudan and Finland;
in developed countries, the literacy is about 99.2%, while in sub-Saharan Africa, it is about 64.0% as reported by UNESCO in 2015; and another study in Saudi Arabia found that highly educated patients were more non-adherent to their medications, other socio-demographic factors including marital status, residence, occupation; having health insurance showed no significant difference and this is in agreement with the two similar studies in the UAE and Iran [15, 17] .
Diseases-and medications-related factors that include age at diagnosis with hypertension, regular follow-up, duration of treatment, number of medication's classes and doses, side effects of medications, using more than one pharmacy to get the medications and the presence of other comorbidities, all were found to be not significantly associated with non-adherence except for using more than one pharmacy to get the medications, which is similar to the findings of a study that is conducted in three cardiac centers in Khartoum and found that one of the major reasons for poor medication adherence among the study participants to be poly-pharmacy; on the other hand, a study conducted in the UAE found that patients who use ≥ two medications were more non-adherent than those who use only one drug [15] , and another study in Finland showed that patients who experienced side effects of the drugs were significantly more likely to be non-adherent [7] .
The literature about medication adherence in Sudan is limited and this makes direct comparison with local studies to be not feasible. 
Conclusion
The study showed that 41.6% of cardiac patients were non-adherent to their antihypertensive medications, using more than one pharmacy to get the medications was the factor that is significantly associated with non-adherence.
In order to improve the adherence to antihypertensive medications in our country, we recommend the use of medications-adherence scale as routine tool in the out-patient clinic to identify the non-adherent patients. Doctors must make sure that the drugs are available in the pharmacies around their area before prescription and to conduct more studies to identify the barriers to adherence specially in young and literate patients. 
